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where E is the energy of incident electron, I is identity matrix, η is the infinitesimal, HD is the Hamiltonian matrix of the device region, ΣL(R) is the self-energy of the left (right) lead, and ΓL(R) = -2Im[ΣL(R)]. The device region contains three sections of (4, 6) GNR for Model A and 18 sections of (6, 8) GNR including a buffer section at the both edges for Model B. For Model A, only interaction between π-orbitals (61) is considered while, for Model B, 1s orbital of H and 2s and 2px/y/z orbitals of C (64) are explicitly considered for more realistic calculations. Using the Landauer formula, we can obtain the thermoelectric properties as follows (72): the electronic resistance Here, Ln (n = 0, 1, 2) is defined as the following integral
where µ is the chemical potential, h is the Plank constant, fF is the Fermi-Dirac distribution function and the factor 2 comes from the spin degeneracy.
Thermal transport property can be calculated similarly (73) 
where ω is the phonon frequency, KD is the dynamic matrix of the device region, fB is the Bose-Einstein distribution function, and ℏ is the reduced Plank constant. To calculate force constants, the Tersoff potential optimized for phonon dispersion of graphene (60) is applied to C-C interatomic interactions and the Brenner potential modified for different properties including thermal properties (63) is applied to C-H and H-H interatomic interactions. Using the above equations, we can obtain the power factor, P = S 2 /Rel, and the thermoelectric figure of merit, ZT = RthS 
section S3. Acceleration of the Bayesian optimization
To evaluate the labyrinthian shape of high-ph th R structures, we propose a topological representation, the mean shortest path (MSP). The topologically equivalent structure to the nanostructured GNR is considered as shown in fig. S2A , where nodes and bonds denote carbon atoms and C-C bonds, respectively. MSP is obtained by summing up the shortest path, highlighted by a red line in fig. S2A , for all the atoms in a unit
where Nu is the number of atoms in a unit cell, ns,i denotes the ith node in the sth unit cell, and length(ns,i, ns+1,i) is the shortest path from node ns,i to node ns+1,i. The correlation between lmsp and Rth of all candidates with m = 6 to 10 is shown in fig. S2B . There clearly exists a positive correlation of Rth with lmsp, where the Spearman's rank correlation coefficient is 0.80, i.e. relatively good correlation (5). R and in most cases for ZT. As for the optimization for ZT, the calculation time of the optimization reduces up to 86% compared with the random search: NBayes(gA, lmsp)/Nrand = 0.14. The efficiency of the optimization with MSP, however, decreases with increasing k; for optimization of ZT, it is even worse than that without MSP (βMSP > 1) for some cases in k ≥ 1.0% and for a few singular points in k < 0.5%. The increase in βMSP with k should be because searched structures include those that do not follow the concept of MSP, e.g. high-P structures for optimization of ZT. In fact, the best (highest-ZT) structures for m = 6 and 8, in the case of βMSP > 1, have the highest P while the best (highest-ZT) structure has the highest Rth for other cases (m = 7, 9, 10). This result indicates that we can accelerate the optimization process, particularly single-functional optimization, by generating and selecting proper descriptors that correlate strongly with thermoelectric properties. 
section S4. Structural optimization of antidot armchair GNRs
To compare the antidot zigzag GNRs (ZGNRs), Model B, discussed in the main text, we perform the structural optimization of armchair GNRs (AGNRs) for their thermoelectric properties. Our AGNR model is composed of 16 sections of AGNR with Nx = 8 and Ny = 6 connected with semi-infinite pristine AGNRs with Ny = 6 at the both ends. Each section may contain an antidot as shown in fig. S3A . We selected an AGNR whose width (1.48 nm) is almost the same as that of ZGNRs used in the main text (1.56 nm). The AGNR is originally semiconducting and has a band gap of 0.72 eV leading to a relatively large S (up to 110 μV/K). As with the analysis for Model B, the optimized structure is obtained with 3000 runs of the optimization search. In this section, thermoelectric properties are denoted as XAGNR/ZGNR for X (= Z, P, S, Rth, etc.) of AGNR/ZGNR.
After the optimization process, we obtain the optimal AGNR structure as shown in the top of fig. S3B .
While the optimal structure has somewhat a regular pattern, the mirror symmetry with respect to the center line, compared with the optimal ZGNR structure ( Fig. 3B ), its arrangement is basically aperiodic as the case of the ZGNR. Figure S3C shows thermoelectric properties, ZT, P, and Rth, of representative six structures: the pristine, finite periodic, and optimal structures of ZGNR and AGNR. For both type of GNRs, the introduction of antidots increases ZT. For the ZGNR (AGNR), the finite periodic and the optimal antidot arrangement increases ZT by 5.0 (1.6) times and 11 (2.7) times, respectively. While ZT of AGNR (ZAGNRT) is larger than ZT of ZGNR (ZZGNRT) in the pristine state, they become comparable under the finite periodic structure and ZZGNRT exceeds ZAGNRT under the optimal structure; ZZGNRT = 1.2ZAGNRT
for the optimal structure.
The increase in ZZGNRT is followed by the increase in both PZGNR and Rth, ZGNR; while the increase in ZAGNRT is attributed to the increase in Rth,AGNR, and PAGNR is decreased or invariant with the introduction of antidots. Rth,AGNR increases due to the introduction of antidots with almost the same manner as that for ZGNR; the finite periodic antidot arrangement decreases Θph(ω) significantly and the optimal arrangement further decreases Θph(ω) in the wide range of ω as shown in fig. S3D . As for the electron transport, the strategy toward the optimization of ZZGNRT differs from that of ZAGNRT. For ZGNRs, which is originally metallic, the optimization strategy is to inhibit every electron transport except for that of the edge state to take advantage of the edge state as discussed in the main text. Unlike ZGNRs, AGNRs used in this analysis are originally semiconducting with the band gap of 0.72 eV and hence provide high power factor compared with ZGNRs. The optimization strategy for AGNRs, therefore, is to increase Rth with the introduction of antidots keeping the feature of the step-like Θel(E). This trend is in fact realized in the optimal structure as shown in fig. S3E . While the introduction of the finite periodic structure leads to the decrease in Θel(E) without increasing transport gap, the optimal structure leads to the increase in the transport gap with keeping the step-like feature of Θel(E) (inset of fig. S3E ). As a result, the optimization of the antidot arrangement can remain the comparable magnitude of P with that of the pristine AGNR after the introduction of antidots.
Although originally semiconducting AGNRs have been thought to be promising thermoelectric materials, we here show that ZGNRs can be more promising through the structural optimization. As discussed in the main text, the presence of the edge state in ZGNR enables independent tuning of electron and thermal transport properties. The introduction of antidots, however, basically degrades the original electron properties of AGNRs and then the structural optimization is less efficient for AGNRs than for ZGNRs. 
fig. S3. Structural optimization of antidot armchair GNR (AGNR). (A) Antidot AGNR with

fig. S5. Electron transport in finite periodic antidot structures. (A) Electron transmission for different
Ndot, Ndot = 2, 3, 4, 11. (B) Electron resistance is converged with increasing Ndot.
section S6. Effects of resonant states on thermoelectric properties
While the edge state is stable compared with other states, the other states cause resonant states when antidots are introduced. As shown in Fig. 3D , Θel(E) for resonant states near the edge state is eliminated in the optimal structure. In this section, we show how resonant states degrade P. Figure S6 , A to F show Θel(E) that mainly contribute to thermoelectronic properties for µ = µpeak; µpeak of the finite periodic structure and the optimal structure is period peak  = -0.14 eV and 
The contribution of Fn(E) to Ln can be divided into that of the resonant states ( 
where E = -0.078 eV is a band edge of the edge state as mentioned above. Because the contribution of Fn(E) in E < -0.2 eV and E > -0.048 eV (an end of the edge state) is negligible, we regarded integrals in E < -0.078 eV (another end of the edge state) and E > -0.078 eV as contributions of the resonant states and the edge state, respectively. Using Eq. (S11), we can derive
The ratio of and L1:
The former function takes a sharp peak at E = µ and attenuates quickly with increasing |E -µ| while the latter take peaks E ≠ µ (E = µ ± 0.04 eV for 300K) and attenuates slower than the former. Consequently, µpeak is located at the energy in an energy gap and near the band edge, at ≈ 0.03 eV away from the band edge for a step-like Θel(E) (27). Therefore, the suppression of Θel(E) of the resonant states, which is near E = µ ( fig. S6 , A to D), decreases reso 0 L more effectively than edge 1 L and, thus, increases P. While the optimization of the arrangement of antidots affects also Θel(E) of the edge state, which makes the problem complicated, one can understand the optimization process for P with the above discussion. In fact, the ratio n n L L / reso for the finite periodic structure ( fig. S6, A to D) shows that the suppression of Θel(E) of the resonant states increases P without significant change in Θel(E) because of the relation,
Finally, we would like to mention about the effect of µ. Changes of thermoelectric properties, 1 el  R , |S|, and P are shown as a function of µ with Θel(E) in fig. S6 , G and H for the finite periodic structure and the optimal structure, respectively. Because of the opposite trend of 1 el  R and |S| with the change of µ, which is a general trend of them, P takes a peak. For the optimal structure having a sharp increase of Θel(E) due to the edge state, the peak of P appears clearly ( fig. S6H ). On the other hand, when resonant peaks exist near the edge state ( fig. S6 , A to D), P does not change significantly with µ around the resonant energies as shown in fig. S6G . 
section S8. Statistical errors of the efficiency of the Bayesian optimization
Efficiency of the Bayesian optimization with the sample standard deviation is shown in fig. S8 . While some statistical errors reach a larger magnitude (> 50%), we can expect the acceleration of the optimization except for a few exceptions and errors become smaller with decreasing k. This result is important for application of the structural optimization method because it indicates that, for cases with stricter conditions (smaller k), we can obtain not only higher but also more stable efficiency, and that future studies for increasing optimization efficiency will lead to realization of more stable optimization. fig. S8 . Efficiency of the Bayesian optimization. The marker and the error bar indicate the mean and the sample standard deviation of the efficiency, respectively.
section S9. Uniqueness of the optimal structures
The uniqueness of the optimal structure and performance is evaluated by adopting 95% of the figure-of-merit as a criterion. In cases of Model A, we found structures with ZT > 0.95ZmaxT for m = 6, 8, and 9 while we did not find any other structures with ZT > 0.95ZmaxT than the optimal structure for m = 7
and 10. In cases of Model B, we found 24 structures with ZT > 0.95ZmaxT shown in fig. S9 as discussed in the main text. fig. S9 . Model B structures that exhibit ZT > 0.95ZmaxT.
